Objectives. We describe a method to facilitate routine monitoring of socioeconomic health disparities in the United States.
Methods. We analyzed geocoded public health surveillance data including events from birth to death (c. 1990) linked to 1990 census tract (CT) poverty data for Massachusetts and Rhode Island.
Results. For virtually all outcomes, risk increased with CT poverty, and when we adjusted for CT poverty racial/ethnic disparities were substantially reduced. For half the outcomes, more than 50% of cases would not have occurred if population rates equaled those of persons in the least impoverished CTs. In the early 1990s, persons in the least impoverished CT were the only group meeting Healthy People 2000 objectives a decade ahead.
Conclusions. Geocoding and use of the CT poverty measure permit routine monitoring of US socioeconomic inequalities in health, using a common and accessible metric. US health disparities by socioeconomic position within and across racial/ethnic groups, as well as to retard understanding of the contribution of economic and noneconomic aspects of racial discrimination to US racial/ ethnic health disparities. [8] [9] [10] To address this gap, we employed a methodology rigorously validated in the United States for the first time by our Public Health Disparities Geocoding Project. [11] [12] [13] [14] Our approach builds on a technique eclectically employed in US health research for more than 75 years [15] [16] [17] and increasingly used in European research during the past 25 years 18, 19 :
that of categorizing individuals-both cases and the population from which they arise-in relation to the socioeconomic characteristics of the immediate area in which they reside.
Our objective was to demonstrate the feasibility and salience of augmenting US public health surveillance systems with socioeconomic data, both to quantify socioeconomic inequalities in health and to investigate their contribution to racial/ethnic disparities in health and to hampering attainment of Healthy People objectives.
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METHODS
Population and Health Outcomes
As described previously, [11] [12] [13] [14] the study base comprised populations and areas in Massachusetts and Rhode Island enumerated in the 1990 census, corresponding health outcomes proximate to the 1990 census, and 1990 census-derived socioeconomic data. We obtained public health surveillance data from the Massachusetts Department of Public Health 21 and the Rhode Island Department of Health 22 for births (1989) (1990) (1991) , childhood lead poisoning (Rhode Island only; children 1-5 years old, [1994] [1995] [1996] , sexually transmitted infections (STIs; 1994-1998), tuberculosis (TB; 1993 , nonfatal weapons-related injuries (Massachusetts only, 1995-1997), cancer incidence , and all-cause and cause-specific mortality (1989) (1990) (1991) , thereby encompassing most of the Healthy People 2000 consensus health status indicators. 20 Because of the similarity of results, we report only data for Massachusetts, except for the childhood lead poisoning data from Rhode Island. (Other Rhode Island data
The extent of US socioeconomic inequalities in health and their contribution to racial/ethnic health disparities is poorly documented and cannot readily be monitored, given the lack of socioeconomic data in most US public health surveillance systems, apart from educational level in the birth and death certificates. 1, 2 This failure to include socioeconomic data severely impedes efforts to understand, routinely monitor, and address social disparities in health in the United States. Because of an absence of baseline data, 70% of the 467 US public health objectives for the year 2010 lack socioeconomic targets. 3 The critical importance of documenting the social patterning of disease and death has been recognized since the rise of the public health movement in the mid-19th century, 4 and such documentation is of national and global significance. 1, 5 As Sydenstricker noted when establishing the first US populationbased morbidity studies in the 1920s, data on the social patterns of health are crucial to "give glimpses of what the sanitarian has long wanted to see-a picture of the public-health situation as a whole, drawn in proper perspective and painted in true colors." 6(p280) These health statistics, generated through cycles of ongoing data collection, analysis, interpretation, and dissemination, 1 not only provide vital information about the population burden of disease, relevant for allocation of resources, but also provide critical stimuli for-and tests of-etiologic hypotheses about disease causation. During the study period, case ascertainment was 100% for births and deaths, exceeded 90% for cancer incidence, and was based on mandatory universal childhood lead screening in Rhode Island. 11, 12, 21, 22 Case ascertainment for nonfatal weapons-related injuries was based on mandatory reporting from all Massachusetts acute care hospital emergency departments and was estimated to be at least 80% complete. 13, 21 Case ascertainment of persons with TB was based on mandatory reporting via designated TB clinics and additional health care providers. 13, 21, 22 Similarly, case ascertainment for STIs was based on mandatory reporting of persons who were symptomatic patients, sought testing because they were concerned about their exposure (i.e., after unsafe sex), received a complete battery of STI tests as part of seeking confidential HIV testing, were sexual partners of current cases, or were tested in the course of routine gynecological examinations. Data from Massachusetts indicated that case ascertainment during the study period was approximately 90% for syphilis but lower for chlamydia. 13, 21 Data for low birthweight (< 2500 g), childhood lead poisoning (blood lead levels ≥10 µg/dL), cancer incidence, and death were analyzed for persons. 11, 12 Data for TB, STIs, and nonfatal gun injuries (accounting for 97% of all the weapons-related injuries) were analyzed for new occurrences on a case basis, with data protocols excluding multiple reports of any given case. 13 Data for lead poisoning were restricted to venous specimens and were analyzed for a child's first record in the study interval. 12 Analyses of low birthweight were restricted to singleton births among mothers aged 15 to 55 years. 12 Cancer type was categorized by standard Surveillance, Epidemiology, and End Results (SEER) site/histology definitions, and cause of death was categorized by International Classification of Diseases, Ninth Revision (ICD-9) codes.
11
Slightly more than 760 000 records were included in our final analytic data sets, restricted to records for in-state residents with known age and gender and with the identified health outcome occurring during the specified study interval; for details, see our previous publications.
11 -14 Fully 98% of these records were geocoded to the census tract (CT) level by a commercial geocoding firm with verified high accuracy (96%). 23 
Percentage of Persons in Census Tract Living Below Poverty Level
The area-based socioeconomic measure selected for analysis was the CT poverty level. For 1990 census data, the poverty line (which varies by household size and age composition) equaled $12 647 for a family of 2 adults and 2 children. 25 We chose this measure on the basis of our previous research, [11] [12] [13] [14] 
Data Analysis
Our analysis involved 5 steps. All analyses were conducted in SAS. 28 In step 1, we determined the number of cases and population size in each CT poverty stratum, overall and stratified by age, gender, and race/ethnicity. In step 2, we calculated the relevant agestandardized average annual incidence rate or proportion (for low birthweight and childhood lead poisoning), stratified by the CT-level poverty measure. 29 30 we set the total number of person-years in the denominator equal to the population in that socioeconomic stratum enumerated in the 1990 census multiplied by the relevant number of years of observation. In step 3, we compared these rates with Healthy People 2000 goals, 20 where applicable.
In step 4, we quantified and graphed each outcome's socioeconomic gradient, overall and stratified by race/ethnicity and gender, computing the incidence rate ratio or odds ratio, as warranted, comparing persons living in the most impoverished CTs with persons living in the least impoverished CTs. We also calculated the population attributable fraction (PAF), which refers to the proportion of cases that would not have occurred if the risk of all persons equaled that of persons in the referent group. 31 The referent group was defined in our study as persons residing in CTs with fewer than 5% of persons living below poverty. For each outcome, the overall PAF equaled the weighted average of the relevant The percentage of each population group for which data on CT poverty levels was missing was very low (total, 0.07%; White, 0.07%; Black, 0.06%; Hispanic, 0.05%; Asian/Pacific Islander, 0.03%; American Indian, 0.16%). Additionally, the percentage distribution by poverty was virtually identical among women and men within each racial/ethnic group; thus percentages are not reported separately by gender.
age-specific PAF, with weights defined by the proportion of cases in each stratum. 31 Finally, in step 5, we explored the contribution of socioeconomic inequalities in health to ageadjusted racial/ethnic health disparities by additionally adjusting for CT poverty, using Poisson regression models. Table 1 presents data on the Massachusetts study base as enumerated in the 1990 census. Approximately 6 million persons were enumerated, as were 1331 census tracts (average population size = 4572 persons). Nearly half the White population (90% of Massachusetts residents) lived in CTs with fewer than 5% of persons living below poverty level; more than half the Black and Hispanic populations lived in CTs with 20% or more of persons living below poverty level. showing data stratified by gender and race/ethnicity is available as a supplement to the online version of this article at http://www.ajph.org.) Using a graphical format, 32 which we have newly applied to routinely collected US state health department data, [11] [12] [13] we set the width of each bar to be proportional to the size of the population in the specified socioeconomic stratum. Table 2 provides corresponding data on the population base for these rates, the rate ratio comparing persons in the most impoverished CT with those in the least impoverished CT, the test for trend across all poverty strata, and the PAF. As shown in Figure 1 (across the full population) and Table 2 (comparing persons in the most impoverished CT with those in the least impoverished CT), significant trends of increased risk associated with living in increasingly poor CTs were evident for virtually all outcomes except breast and colon cancer incidence, as expected. Within the total population, the rate ratio for persons in the most impoverished CTs compared with persons in the least impoverished CTs exceeded 2.0 for 10 of the 18 outcomes analyzed. For virtually all outcomes, the socioeconomic gradient was steepest among the White population, largely because rates among Whites in the least impoverished CT were the lowest. With few exceptions (notably premature mortality and homicide), socioeconomic gradients were similar for women and men.
RESULTS
For the 8 outcomes with a rate ratio exceeding 5.0 (childhood lead poisoning, the 3 STIs, TB, nonfatal gun-related injuries, and mortality due to HIV/AIDS and to homicide and legal intervention), more than 50% of cases would not have occurred if population rates had equaled those of persons living in the least impoverished CT. Population groups already meeting Healthy People 2000 objectives in the early 1990s lived chiefly in the least impoverished CTs, while those far from meeting these objectives lived mainly in more impoverished CTs. Table 3 presents analyses regarding the contribution of socioeconomic disparity to racial/ethnic inequalities in health. For virtually all outcomes, adjusting for this study's one partial measure of socioeconomic position-CT-level poverty-substantially reduced the excess risk observed among Blacks and Hispanics compared with Whites. These excess risks were approximately halved for childhood lead poisoning, gonorrhea, TB, HIV/ AIDS mortality, and homicide; lesser but still significant reductions occurred for low birthweight, syphilis, chlamydia, nonfatal firearmsrelated injuries, premature mortality, lung and cervical cancer incidence, and diabetes mortality. By contrast, adjusting for CT poverty either had no impact on or else reduced the lower risk observed among Blacks and Hispanics compared with Whites for colon cancer incidence and heart disease mortality and slightly increased the Black excess risk for prostate cancer incidence.
DISCUSSION
The results of this study demonstrate the salience and feasibility of routinely monitoring US socioeconomic inequalities in health using the strategy of characterizing cases and the overall population in relation to a common and accessible metric: the poverty level of the CT in which individuals reside. The picture painted is one of powerful socioeconomic gradients in health across myriad outcomes, for women and men in all racial/ ethnic groups, whereby socioeconomic deprivation contributes not only to racial/ethnic disparities in health but also to the occurrence of more than half the cases for more than half the outcomes studied.
Our results are unlikely to be due to bias stemming from cases' having an erroneous or ungeocodable address or living in an area missing CT poverty data. Fully 98% of records were geocoded to the CT level by a Note. All rates were age-standardized using the Year 2000 standard million, except for the childhood health outcomes (low birthweight and lead poisoning). In each graph, the height of the bar equals the rate, while the width is proportional to the size of the population in the socioeconomic stratum. Rates based on fewer than 5 cases were suppressed, owing to unreliability of the estimates. The original Healthy People 2000 mortality baseline rates and targets were age-standardized to the 1940 standard million; to make them compatible with rates age-standardized to the geocoding firm whose accuracy we verified, 23 only 0.7% of CTs lacked data on poverty, and previous analysis of the birth and death data showed no variation by individual-level education in the proportion of records geocoded. 11, 12 Nor are our results dependent on our choice of the CT poverty measure. As previously reported, [11] [12] [13] [14] we obtained similar results using census block group data (albeit with only 92% of records geocoded) and also with other measures, such as median household income, and more complex and less readily interpretable composite measures, such as the UK Townsend index. 18, 19 Likewise supporting use of CTs are 2 additional considerations. First, when initially delimited, their boundaries are drawn to encompass "relatively homogenous" populations in relation to "economic status, and living conditions." 24,(ppG-10,G-11) Second, once created, CTs constitute administrative units used by federal, state, and local agencies to characterize jurisdictions for determination of eligibility and resource allocation for diverse programs, including "urban empowerment zones," "medically underserved areas," and "qualified census tracts" for the purpose of the low-income housing tax credit; thus CTs have real-life implications for the quality of life of their residents. 33-37 An appreciation for policy relevance and recognition of the strong association of CT poverty with other CT economic measures likewise led the National Cancer Institute to employ the CT poverty measure, where feasible, in its recently issued report on area socioeconomic variations in cancer. 38 The method we used does not treat CTlevel measures as a proxy for individuallevel measures. Nor is it compromised by ecological fallacy, since analyses are based on individuals, categorized in relation to the socioeconomic circumstances of their residential area. [11] [12] [13] [14] Instead, assuming choice of a meaningful area, it posits that area-based socioeconomic measures capture a mix of any individual-level and areabased socioeconomic effects. Likely at issue is a complex combination of 3 factors: (1) composition (people in poor areas have poor health because poor individuals have poor health), (2) context (people in poor areas also have poor health because a concentration of poverty creates or exacerbates harmful social interactions), and (3) location of public goods (e.g., supermarkets, health clinics) and environmental pollution. 39, 40 If the relevant data were available, these complex interactions could be analyzed by multilevel methods. 41, 42 A related advantage of area-based socioeconomic measures is that they can be applied to all persons in an area, regardless of age or gender, thereby avoiding well-known problems with individual-level measures of education and occupation, for example, how to classify children and others who have not completed their education or who are not in the paid labor force, including homemakers, Continued the retired, and the unemployed. [17] [18] [19] This asset perhaps accounts for the similar socioeconomic gradients we observed in both women and men, in contrast to the inconsistent findings based on individual-level socioeconomic data that have been reported. [17] [18] [19] Our estimates of the magnitude of socioeconomic inequalities in health, within and across diverse racial/ethnic groups, are subject to concerns about racial/ethnic misclassification and the census undercount. [8] [9] [10] By itself, the method of geocoding and employing area-based socioeconomic measures cannot directly address these 2 problems, which affect all population-based analyses reliant on public health surveillance and census data and which warrant critical research. 38, 43, 44 However, analyses of low birthweight and childhood lead poisoning would not be affected by the census undercount because the denominators were, respectively, the births themselves and the children screened; moreover, racial/ethnic misclassification was minimized by use of self-reported racial/ ethnic data. Also relevant are concerns about the use of the US poverty line as an indicator of socioeconomic deprivation. 8, 9, 17, 37, 38, 45 Recent research suggests that despite the limitations of the official US poverty line (since initial assumptions about the proportion of a household's budget required for food and housing no longer hold and alternative approaches for taking into account public assistance have been proposed), 45, 46 the CT poverty measure, especially for CTs with a poverty level in excess of 20% (the federal definition of a "poverty area" 27 ), does provide a reasonable indicator of neighborhood economic deprivation, as assessed in relation to housing deterioration, refuse, crime, and other social indicators (e.g., unemployment, low earnings, low education). 27, 37, 47 As an indicator of the robustness of the poverty threshold employed, we found similar results 11-14 when we used percentage of persons living below 50% and above 200% of the US poverty line and percentage of persons earning less than 50% of the US median household income (an alternative measure of poverty employed in many European countries 17, 46 ). The magnitude of the socioeconomic gradients we detected when we The net implication is that our results are unlikely to overestimate either the extent of socioeconomic gradients or their contribution to racial/ethnic disparities in health. Instead, they underscore the widespread and often profound extent to which socioeconomic deprivation adversely shapes population health, from infancy to death. For example, in what to our knowledge is the first statewide finding on the PAF in relation to poverty, we found that for half the outcomes studied, more than 50% of cases would not have occurred if population rates equaled those of persons living in the least impoverished CT, the only group that consistently achieved Healthy People 2000 goals a decade ahead of time.
From policy, clinical, and etiologic perspectives, it would be useful to disentangle different pathways underlying the associations we observed between CT poverty and health status. Toward this end, a fast-growing body of research is investigating the myriad causes of social inequalities in health and effects of policies to change them. [49] [50] [51] [52] [53] At issue is how class, racial/ethnic, and gender inequality harm health by shaping exposure, across the lifecourse, to adverse living and working conditions and inadequate health care. Augmenting this research and policy agenda, the evidence obtained by systematically and routinely monitoring social disparities in population health focuses attention on such questions as what explains the observed variations in the magnitude of socioeconomic inequalities across health outcomes, among both the total population and diverse racial/ ethnic-gender groups, and what explains the persistence of-or changes in-these patterns over time. [7] [8] [9] [10] [11] [12] [13] [14] Answering these questions will require considering both differential socioeconomic circumstances of diverse birth cohorts over time and critical period factors affecting other aspects of social inequality, for example, passage of the Civil Rights Act in 1964. 49, 50 In conclusion, the results of this study highlight the importance and the feasibility of routinely monitoring US socioeconomic inequalities in health, both overall and stratified by race/ethnicity and gender, thereby painting a Continued truer picture of the "public-health situation as a whole" as long urged by Sydenstricker and other public health leaders. 4, 6, 54 The evidence generated by our approach, which fills gaps in policy-relevant knowledge, 1, 5, 6, [55] [56] [57] could be used to set health objectives, guide resource allocation, and track progress-and setbacksin reducing social disparities in both health and health care at the national, state, and local levels. Although inclusion of more individuallevel socioeconomic data in US public health surveillance systems, along with censusderived area-based socioeconomic data, would be ideal, 1, 58, 59 efforts over the past century to include the former have met with only a modicum of success. 2, 54 Our proposed methodology, which relies on widely available data, not only is cost-efficient but also permits comparisons within and across health outcomes throughout the United States and over time, that are based on a common metric for socioeconomic position derived from US census data. Moreover, the timeliness of CT data will be improved starting in 2008, when the American Community Survey starts releasing annual CT estimates based on 5-year rolling averages. 37, 60 If data on national, state, and local socioeconomic inequalities in health were readily available and were reported yearly, both for the total population and for diverse racial/ethnic-gender groups, efforts to track-and improve accountability for the purpose of addressing-social disparities in health would be greatly enhanced. We suggest this can be accomplished by geocoding US public health surveillance data and using the CT-level measure "percentage of persons living below poverty level."
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